ABSTRACT. The purpose of this study was to observe the changes in body temperature before parturition using a wireless temperature monitoring device (WTMD) and to evaluate the usefulness of body temperature measurements using a digital rectal thermometer (DRT) and a microchip transponder thermometry device (MTTD) for predicting parturition in mares. The body temperatures using a WTMD at 0 hr and −1 hr were significantly different from those at the same time on Days 1-5 (P<0.01). The temperature differences between the morning of Day 0 and at −3 hr, −2 hr, −1 hr and 0 hr using the DRT and MTTD showed a significant drop compared with the temperature differences between the morning and evening of Days 1-5 (P<0.05). Furthermore, when the cutoff value of the temperature differences between the morning and other times was set to ≤0, the sensitivities of the DRT and MTTD in the evening of Day 0 and at −3 hr were 43% and 100% and 71% and 86%, respectively. The results suggested that monitoring the body temperature differences between morning and within 3 hr before the time of parturition is a valuable method for predicting parturition in mares. Conversely, this method would be more useful in predicting parturition when used in combination with other observations such as the mammary gland size and waxing of the teat ends because it has nearly a 20% probability of false-positive results prior to the day of parturition. KEY WORDS: body temperature, equine, microchip transponder thermometry device, predicting parturition.
The average duration of gestation in mares is estimated to be from 335 to 342 days [2] . Mares typically foal within 2 weeks of this average duration; thus, the normal duration of gestation is from 320 to 365 days [18] . Measurement of the calcium concentration has become widely used in the horse industry as a method to predict parturition [3, 22] . This method has proven useful in the management of foaling mares; it does not predict whether a given mare will foal, but rather it predicts when she is not ready to foal [19, 22] . The other methods commonly used to predict parturition in mares are also unreliable and imprecise because there is considerable variation in impending parturition signals among mares. In general, signs indicating the onset of the first stage of labor, which lasts about an hour, are restlessness, sweating and reactions to the pain of uterine contractions [10] . However, there are no quantitative measurements of prepartum signs in mares.
There is evidence that several mammals show a body temperature below normal levels before parturition. A rapid fall in rectal temperature prior to parturition has been documented in cows [17, 26] and ewes [8] . Some studies on the relationship between body temperature and parturition in mares have demonstrated that there was no change from normal that could be used to predict the time of parturition [6, 14] . However, one of these studies showed decreases in body temperature, but these changes were of no significance because of errors associated with the use of a standard clinical thermometer. Furthermore, some studies have demonstrated that a decrease in rectal temperature was recorded in mares prior to parturition [13, 25] .
In horses, body temperature is usually taken with a rectal thermometer. Although most horses tolerate the procedure, some are not cooperative. In these horses, placing the rectal thermometer under the tail puts the temperature taker at risk of injury from hind limb kicking. Recently, several studies demonstrated that percutaneous implantation of a thermal sensor has the capability of sensing the body temperature of horses and is more accurate compared with temperatures obtained by rectal thermometers [11, 23] . Several studies have reported the use of similar devices in goats, sheepdogs and laboratory animals [4, 11, 12, 15] . These thermal sensors have the potential to offer a safer, hygienic and more rapid method of obtaining a body temperature measurement.
The purpose of this study was to observe the changes in body temperature before parturition using a wireless temperature monitoring device (WTMD) and to determine whether measurement of body temperature before parturition using a digital rectal thermometer (DRT) and a mi-crochip transponder thermometry device (MTTD) could be used to predict the onset of parturition.
MATERIALS AND METHODS

Animals:
Seven pregnant mares, ranging in age from 4 to 13 years (9.9 ± 2.9 years), ranging in weight within a week before parturition from 599 to 728 kg (666 ± 48 kg) and ranging in gestation length from 333 to 355 days (344.4 ± 7.7 days), were chosen for evaluating the changes in body temperature using an MTTD. Six of these pregnant mares were also chosen for evaluating the changes in body temperature using a WTMD. Another seven pregnant mares, ranging in age from 4 to 11 years (8.2 ± 2.6 years), ranging in weight within a week before parturition from 560 to 761 kg (655 ± 73 kg) and ranging in gestation length from 337 to 356 days (345.7 ± 6.2 days), were chosen for evaluating the changes in body temperature using a DRT. All mares were turned out to pasture between 08:30 and 14:30 hr, and stabled individually in box stalls overnight. The mares were monitored by a monitoring camera throughout their stay in the box stall to identify their foaling. Twelve of fourteen mares foaled between 20:00 and 24:00 hr, and another two mares foaled between 01:00 and 02:00 hr. In the two cases of foaling between 01:00 and 02:00 hr, the day of parturition (Day 0) was defined as the day before foaling. This study was approved by the Animal Care and Use Committee at Hidaka Training and Research Center.
Body temperature using a WTMD: The change in body temperature before parturition was evaluated using a wireless temperature monitoring system (Thermochron iButton DS1922L, Maxim Integrated Products, Sunnyvale, CA, U.S.A.). A WTMD was implanted beneath the skin at 5 cm below the upper border of the left side of the neck located halfway between the poll and withers. WTMDs were sterilized in an autoclave prior to implantation. Before starting these surgical procedures, the horses were restrained in stocks, sedated with an intravenous injection of 0.005 mg/ kg of medetomidine (Domitor, Nippon Zenyaku Kogyo Co., Ltd., Fukushima, Japan) and treated with lidocaine (Xylocaine injection 2%, AstraZeneca K.K., Osaka, Japan) local anesthesia to reduce the stress of the surgical procedures. Aseptic techniques were applied throughout the procedures. After the surgical procedures, 1.0 mg/kg of flunixin meglumine (Banamine injection 5%, Dainippon Sumitomo Pharma Co., Ltd., Osaka, Japan) was injected intravenously for 2 days to minimize inflammation, and a mixture of procaine penicillin G and dihydrostreptomycin sulfate (Mycillin Sol, 0.05 ml/kg, Meiji Seika Pharma Co., Ltd., Tokyo, Japan) was injected intramuscularly for 3 days to prevent surgery-related infections. A WTMD was implanted 5 days before parturition, with the exception of one pregnant mare in which the device was implanted 2 days before parturition. The recording time between measurements was 15 min, resulting in 96 measurements taken during the night. All wireless temperature monitoring devices were removed surgically using the same procedures as described above after parturition, and the data were collected. The body temperature at the time of parturition (0 hr) was defined as the body temperature that was recorded closest to the time when the mare foaled. The changes in body temperature before parturition using a WTMD were evaluated by comparing the temperatures on the day of parturition and the temperatures on the control days (Days 1-5), which were the mean temperatures from 5 days to 1 day before parturition. To standardize changes in body temperature, the time of parturition was set as the standard time (0 hr) and changes in hourly body temperature were referenced to the time of parturition for 24 hr before (−24 hr) and to 6 hr after the time of parturition (+6 hr).
Body temperature using a DRT: Rectal temperature before parturition was evaluated using a data logger digital thermometer (TR-71Ui, T&D Corporation, Nagano, Japan). Measurements were taken by inserting the probe (TR-0106, T&D Corporation, Nagano, Japan) tip into the rectum to a depth of approximately 10 cm, and it was kept in the rectum for at least 5 min. Rectal temperatures were recorded twice daily, between 06:00 and 07:00 hr (morning temperatures) and again between 16:00 and 17:00 hr (evening temperatures), from 5 days before parturition until the day of parturition. Furthermore, rectal temperatures were recorded continuously from 3 hr before the time of parturition. The recording time between measurements was 1 min.
Body temperature using an MTTD: A thermal sensor of an MTTD (Lifechip Bio-Thermo temperature-sensing chip, Destron Fearing, Digital Angel Corporation, South St. Paul, MN, U.S.A.) was placed percutaneously according to the recommendations of the manufacturer in the left side of the nuchal ligament located halfway between the poll and withers. A microchip was injected at the same time as when a WTMD was implanted or earlier, and all microchips were placed 5 days before parturition. Before injection of the microchip, the horses were tranquilized with an intravenous injection of 0.005 mg/kg of medetomidine. Temperature measurements from the MTTD were obtained using a compatible reader (Pocket Reader EX, Destron Fearing, Digital Angel Corporation). Replicate temperatures were obtained by taking two readings in succession. The temperature taken by the MTTD was recorded twice daily, between 06:00 and 07:00 hr (morning temperatures) and again between 16:00 and 17:00 hr (evening temperatures), from 5 days before parturition until the day of parturition. Furthermore, the temperature taken by the MTTD was recorded at 30-min intervals from 3 hr before the time of parturition. The temperature at the time of parturition (0 hr) was defined as the temperature that was recorded closest to the time when the mare foaled. The usefulness of predicting the onset of parturition using both a DRT and MTTD was evaluated by comparing the temperature differences between morning and evening or between hourly temperatures (−3 hr, −2 hr, −1 hr and 0 hr) before the time of parturition and the temperature differences between morning and evening temperatures on the control days (Days 1-5), which were the mean temperatures from 5 days to 1 day before parturition.
Accuracy of each thermometry device; The accuracy of WTMDs, DRTs and MTTDs was tested against a mercuryin-glass thermometer using a water bath (Racomace model HT-90D, Iuchi Seieido Co., Ltd., Tokyo, Japan) representing 4 different temperatures, i.e., 34, 36, 38 and 40°C.
Statistical analysis: The results were expressed as means ± SD. The cutoff value of sensitivity and specificity for the temperature differences between morning and evening or other times (−3 hr, −2 hr and −1 hr on Day 0) was assessed by use of receiver operating characteristic (ROC) curve analysis with the ROCKIT 0.9β Beta Version software (Kurt Rossmann Laboratories for Radiologic Image Research) [21] . On the basis of measures of minimal distance to the upper left corner of the ROC curve of the temperature differences between the morning and evening on Day 0 and between the morning and −3 hr on Day 0, ≤0 was more suitable as the cutoff value for measurement by using a DRT or MTTD compared with ≤0.1 and ≤-0.1.
Statistical analyses were performed using the JMP v. 5.0.1a software (SAS Institute Inc., Cary, NC, U.S.A.). A paired t test was applied to compare the changes in temperature on the day of parturition and on the control days using a WTMD. A one-way repeated-measures analysis of variance test was applied to compare the temperature differences on the day of parturition and on the control days using both a DRT and MTTD. When significant differences were identified, the Wilcoxon signed-rank test was applied. Probability values of less than 0.05 were considered statistically significant.
RESULTS
Changes in body temperature before parturition using a WTMD: The accuracy of measurements for 2 WTMDs, which were used in this study, was found to be within the range of ± 0.1°C. Repeatability was also found to be within the range of ± 0.1°C. The changes in body temperature using a WTMD based on the time of parturition (0 hr) on the day of parturition from 24 hr before and 6 hr after the time of parturition, compared with the changes in them on the control days (Day 1-5), are shown in Fig. 1 . The body temperatures between −15 hr to −2 hr had a tendency to be lower than those at the same time on Days 1-5; however, these changes were not statistically significant. Conversely, the body temperatures at 0 hr and −1 hr were significantly different from those at the same time on Days 1-5 (P<0.01).
Changes in body temperature before parturition using a DRT: The accuracy of measurements for 2 DRTs, which were used in this study, was found to be within the range of −0.1°C. Repeatability was also found to be within the range of −0.1°C. The changes in body temperature and the mean temperature differences at each time on Days 1-5 and Day 0 using a DRT are shown in Table 1 . The body temperatures at −3 hr, −2 hr, −1 hr and 0 hr showed a significant drop when compared with those of the mornings and evenings of Days 1-5 (P<0.05). The differences between the morning of Day 0 and at −3 hr, −2 hr, −1 hr and 0 hr showed a significant drop when compared with the differences between the mornings and evenings of Days 1-5 and Day 0 (P<0.05). The sensitivities of the body temperatures obtained on the evening of Day 0, at −3 hr and at −2 hr were 43%, 100%, and 100%, respectively (Table 2) . Conversely, the specificity of the body temperatures obtained from Days 1-5 was 80% (Table 2) .
Changes in body temperature before parturition using an MTTD: The accuracy of measurements for 2 MTTDs, which were the same products used in this study, was found to be within the range from + 0.1 to +0.3°C. In contrast, repeatability was found to be within the range of ± 0.1°C. The changes in body temperature and the mean temperature differences at each time on Days 1-5 and Day 0 using an MTTD are shown in Table 1 . The differences between the morning of Day 0 and at −3 hr, −2 hr, −1 hr and 0 hr showed a significant drop when compared with the differences between the mornings and evenings of Days 1-5 (P<0.05). The sensitivities of the body temperatures obtained on the evening of Day 0, at −3 hr and at −2 hr were 71%, 86% and 100%, respectively (Table 2) . Conversely, the specificity of the body temperatures obtained from Days 1-5 was 77% (Table 2) .
DISCUSSION
This study is the first to demonstrate the hourly changes in body temperature for 24 hr before the time of parturition and to demonstrate the usefulness of predicting the onset of parturition using an MTTD. The results of this study suggested that monitoring the body temperature differences between morning and within 3 hr before the time of parturition can be considered a valuable method for predicting parturition in mares.
In this study, the body temperatures between 15 hr to 2 hr before the time of parturition using a WTMD had a tendency to be lower than those at the same time on Days 1-5, and the body temperatures at 1 hr before parturition and at the time of parturition were significantly different from those at the same time on Days 1-5 (P<0.01). Furthermore, the body temperatures at −3 hr, −2 hr, −1 hr and 0 hr using a DRT showed a significant drop when compared with those of Days 1-5. These results demonstrated findings similar to those in previous reports, in which a decrease in rectal temperature was recorded prior to parturition [13, 25] . Conversely, with the MTTD, only the body temperatures at 0 hr showed a significant drop; those at 3 hr before the time of parturition showed no significant drop when compared with those of Days 1-5. Thus, it was difficult to predict the onset of parturition based on the changes in body temperature itself. Therefore, the temperature differences between morning and evening or hourly temperatures (−3 hr, −2 hr, −1 hr and 0 hr) before the time of parturition were compared to make predicting the onset of parturition easier. The temperature differences between the morning of Day 0 and at −3 hr, −2 hr, −1 hr and 0 hr using both a DRT and MTTD were significantly different from the differences between the mornings and evenings of Days 1-5. Furthermore, when the cutoff value of the temperature differences was set to ≤0, the sensitivities using a DRT on the evening of Day 0 and at −3 hr were 43% and 100%, respectively, and the sensitivities in using an MTTD on the evening of Day 0 and at −3 hr were 71% and 86%, respectively. These results demonstrate that the temperature differences between the morning and evening of Day 0 or −3 hr are useful in predicting the onset of parturition. In other words, this suggests that if the temperature of evening onward was the same as or lower than that of the morning, the mares may be preparing to foal that night or at midnight. However, the DRT and MTTD methods had false-positive rates of 20% and 23%, respectively, during Days 1 to 5. An MTTD is easy to implant, exhibits little migration and provides rapid readings of body temperature. Results of previous studies on thermal sensors in horses indicate that they provide a more variable readings than rectal thermometers and temperature readings below those of rectal thermometers [11, 23] . Furthermore, one of these studies indicated that the sensitivity of a thermal sensor for detection of fever defined as≥38.9°C significantly differed in warmer ambient temperatures (>15.6°C) compared with colder ambient temperatures (≤15.6°C). In the present study, the thermal sensor also usually underestimated rectal temperature. This result was considered to be due to the ambient temperature outside ranging from −8.9°C to 11.8°C. Thus, an MTTD implanted in the nuchal ligament may not be useful in detecting fevers in cooler ambient temperatures. However, it is considered to be an available method in the case of monitoring the changes in body temperatures, such as in this study, for predicting parturition in mares.
There is evidence that several mammals show body temperatures below normal levels before parturition [7, 8, 17, 26] . Some studies have indicated that fetal lambs lose 80% to 85% of their heat via transfer to placenta and that the other 15% to 20% is lost via transfer through the uterine wall [9, 24] . Blood flow to the placenta is directly affected by maternal temperature, and this effect influences heat dissipation by the fetus [24] . In addition, fetal lamb temperature increases before lambing and decreases approximately 1.5°C within 20 min after lambing, even in a temperature-controlled environment [16] , indicating that this mechanism may protect newborn lambs from hyperthermia. Furthermore, one study reported that fetal temperature continues to increase through parturition because myometrial contractions also decrease uterine blood flow and heat dissipation by the fetus [1] . The results of the present study suggested that similar mechanisms may also occur in horses. Conversely, progesterone is known to affect thermoregulation. A high correlation between decreasing levels of progesterone and temperature drop was found in beagle bitches [5] . A similar drop in total progestins has been documented in mares [20] , but the correlation of progesterone with temperature has not been studied. Further research is needed to clarify this relationship.
In conclusion, the results of this study demonstrate that monitoring the body temperature differences between morning and evening onward can be a valuable method for predicting parturition in mares. In other words, if the temperature in the evening onward is the same as or lower than that of the morning, the mares may be preparing to foal that night or at midnight. In particular, an MTTD is useful in measuring body temperature in pregnant mares because it is easy to implant and provides rapid readings of body temperature. Conversely, monitoring body temperature differences alone are not enough to predict the day of parturition reliably and precisely because this method has nearly a 20% probability of false-positive results prior to the day of parturition. Therefore, this method would be more useful in predicting parturition when used in combination with other observations of parturition prediction such as mammary gland size and waxing of the teat ends.
